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Summary: The first isolated complex resulting from the
ortho metalation of an arylsilyl ligand is reported. Ther-
molysis of the polysilylplatinum complex 1 in benzene-
MeOH gives the cyclometalated species 2. Complex 2
is readily cleaved by water on silica to give the novel
platinum compound 3 with a Pt—Ph bond and a silanol
moiety on the polysilyl ligand.

There has been recent interest in silylmetal complexes
with respect to the dehydrogenative coupling of hydrido-
silanes to afford polysilane oligomers and polymers.!
Many of the known metal catalysts for these reactions also
mediate the redistribution of substituents on silicon.? In
the case of late-transition-metal catalysts, the redistribu-
tion of aryl groups is a common occurrence.® A likely step
in this process is the transfer of an aryl group from silicon
to the metal to form a metal aryl species4 We now report
the transfer of a phenyl group from silicon to platinum in
the polysilyl complex 1. The phenyl group transfer pro-
ceeds through the novel ortho-metalated complex 2, which
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Scheme I. Thermolysis of 1 in Refluxing MeOH-Benzene
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We have recently shown that the polysilyl complex 1
isomerizes in refluxing benzene to give the new complex
4 (Scheme I).> This complex arises from the interchange
of trimethylsilyl and chlorine groups across the platinum-
silicon bond. However, thermolysis of 1 in a refluxing
mixture of methanol in benzene (1:8) results in ortho

(5) Chang, L. S.; Johnson, M. P.; Fink, M. J. Organometallics 1989,
8, 1369-1371.
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Figure 1. ORTEP diagram of 3 showing non-hydrogen atoms. The
nonpendant carbons of the cyclohexane rings have been removed
for clarity. Thermal ellipsoids are at the 25% probability level.
Selected bond distances (A) and angles (deg): Pt-Si1, 2.360 (2);
Pt-C3, 2.069 (7); Pt-P1, 2.333 (1); Pt-P2, 2.282 (1); Si1-Si2, 2.370
(3); Si1-Si3, 2.380 (3); Si1-01, 1.726 (4); P1-Pt-P2, 86.50 (5);
P1-Pt-C3, 91.3 (1); P2-Pt-Sil, 99.88 (5); Si1-Pt-C3, 82.7 (2);
Si2-8i1-8i3, 106.0 (1); Pt-Si1-01, 113.9 (2).

metalation as the major pathway, giving the cyclometalated
derivative 2 in 75% yield. A small amount of the meth-
oxysilyl complex 5, arising from the methanolysis of 4, is
also formed (25% yield). The formation of the cyclo-
metalated adduct 2 in methanol-benzene solutions, but
not in pure benzene, is consistent with previous studies
in which traces of alcohols accelerate the ortho metalation
of (arylphosphine)platinum complexes.®

Attempts to purify complex 2 by column chromatogra-
phy (silica; eluent CH,Cl,~hexane (1:4)) results in its
quantitative conversion into the new complex 3, which is
distinguished by a platinum-phenyl bond and a silanol
functionality on the polysilane ligand. The J(Pt-P)
coupling constants of 1313 and 1922 Hz, as determined by
31P NMR spectroscopy, are consistent with trans aryl and
silyl groups, respectively.” A sharp O-H stretching vi-
bration at 3640 cm™ suggests little hydrogen bonding in
solution.

An X-ray structure determination for 3 was undertaken.®
An ORTEP drawing of 3 with selected bond lengths and
angles is shown in Figure 1. In this complex, the phenyl
ring is canted 88° with respect to the square plane of the
platinum. The Si-O bond of the silyl substituent lies
nearly in the square plane (P2-Pt-Si1-01 torsion angle
5.6 (3)°) and is directed away from the phenyl group.® The
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(9) The complementary torsion angle C3-Pt-Si1-01 is -172.1 (3)°; O1
lies 0.013 (6) A above the mean plane defined by P1, P2, Pt, C3, and Sil.
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Pt-Si bond length of 2.360 (2) A is slightly longer than
those for many mononuclear platinum complexes with
sterically nondemanding ligands!® but is considerably
shorter than the previously determined bond lengths of
complexes containing the dcpe ligand: 2.423 (2) A for 1
and 2.389 (1) A for (dcpe)Pt[Si(SiMe,),H]Br.>!! The Si-O
bond length of 1.726 (4) A is also significantly longer than
a typical Si-O bond (1.64 A).1213 The combination of short
Pt-Si and long Si—O bond lengths in 3 may originate in
part from either = or o effects. A more efficient back-
bonding of the platinum relative to the oxygen for low-
lying orbitals on the silicon (7 effect) would give short
Pt-Si distances and longer than usual Si-O bonds. The
same trend in observed bond distances is also reconciled
with arguments based on isovalent hybridization!4 which
would require greater p orbital participation in the silicon
hybrid orbital to oxygen and enhanced s orbital contri-
bution in bonding to the electron-rich platinum (¢ effect).

The cyclometalated complex 2 may be isolated in pure
form by recrystallization from benzene—hexane solutions.
All spectroscopic data are consistent with the proposed
structure.’®* The J(Pt-P) coupling constants of 1289 and
1922 Hz are similar to those observed for complex 4, clearly
indicating the presence of both aromatic and silyl sub-
stituents on the platinum. To our knowledge, complex 2
is the first example of an isolated adduct resulting from
the ortho metalation of an arylsilyl ligand. This is in
contrast with the well known ortho metalations of iso-
electronic arylphosphines, The similar covalent radii of
silicon and phosphorus (1.18 A for Si and 1.10 A for P)16
suggest that intrinsic structural differences between
phosphorus and silicon do not fully account for the dif-
ference in reactivity and perhaps some electronic effect is
operative. However, the scarcity of known arylsilyl com-
plexes relative to analogous arylphosphine complexes
makes any generalization difficult at this time. In the
particular case of polysilyl complex 1, ortho metalation
may be promoted by steric acceleration due to the relative
disposition of the large dcpe and bis(trimethylsilyl)-
phenylsilyl ligands.!” The large substituents on platinum
and silicon may additionally provide some kinetic stabi-
lization to the product that is formed.

The susceptibility of the cyclometalated complex 2 to-
ward protodesilylation by water on silica suggests that the
four-membered ring of this compound is quite labile.
Similar facile hydrolysis of the Si~C bond has been ob-
served in strained three- and four-membered-ring systems
containing silicon.!® The selective cleavage of the Si-C
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bond in cyclometalated adducts may provide an essential
step in which phenyl groups are transferred from silicon
to platinum and, therefore, play a role in certain catalytic
redistributions involving arylsilanes. Studies are currently
underway to explore this possibility.
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Summary: Neutral (r-allyl)tertiary phosphine)palladium
formates and ionic (r-allylbis(tertiary phosphine)palladium
formates that are regarded as key intermediates in pal-
ladium-catalyzed reductive cleavage of allylic acetates
and carbonates with formic acld have been prepared and
characterized by 'H and '3C NMR spectroscopy. From
a study of the formation process of these formate inter-
mediates by anion exchange of the acetate anion with
formic acid and by establishment of the course of libera-
tion of olefins and CO, from the formate ligand, the va-
lidity of the proposed catalytic cycle has been substan-
tiated.

Palladium-catalyzed reductive cleavage of allylic com-
pounds, particularly acetates and carbonates, with formic
acid provides a convenient synthetic means for regiospe-
cific preparation of terminal olefins.2® The catalytic cycle
shown in Scheme I reasonably accounts for the course of
the reductive-cleavage process. The cycle is constituted
of (a) oxidative addition of the allylic substrate 1 to Pd(0)
to give the allylic palladium acetate or carbonate 2, (b)
exchange of the anionic group with the formate group to
give the allylic palladium formate 3, (c) decarboxylation
of the formate ligand to produce the allylic palladium
hydride 4, and (d) reductive elimination of the allylic and
hydride hgands to liberate the olefin 5 with generation of
the palladium(0) species that carries the catalytic cycle.

In the catalytic cycle the oxidative addition of allylic
acetates is a well-established process.*® Ready oxidative
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addition of the allylic carbonates to give a (w-allyl)palla-
dium complex having two tertiary phosphine ligands and
an ionic carbonate group also has been recently confirmed.
However, no study has been made on the preparation and
characterization of the putative (r-allyl)palladium formates
3, which serve as key intermediates in the reductive

(8) The formation of ionic (x-allyl)palladium and -platinum complexes
having two tertiary phosphine ligands and an alkyl carbonate anion has
been also observed in the reaction of Pd(0) and Pt(0) complexes with
alkyl carbonates: Ozawa, F.; Son, T.-L; Ebina, S.; Osakada, K.; Yama-
moto, A. To be submitted for publication. A part of the results was
presented at the 3rd Anglo-Japanese Advanced Research Meeting on
Organometallic Chemistry, Tokyo, Japan, 1990; abstract pp 97-98.
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